Objective: The aim of the study was comparison of cancer incidence risk of lungs, stomach, colon, bladder and kidneys from ex-miners of black coal mines and the general male population of the Czech Republic. Materials and methods: The analysis was conducted in two cohorts of ex-miners according to the presence of coalworkers' pneumoconiosis (CWP). The first cohort included the miners without CWP (N = 6705), and the second cohort included the miners who were compensated for CWP (N = 2158). Personal and occupational data was merged with the data in the National Population Register and the National Oncological Register for the period from 1992 to 2006. Cancer risk in miners in comparison to the general male population of the Czech Republic was evaluated by SIR (Standardized Incidence Ratio) and 95% confidence interval (CI). Results: About twice as high risk of lung cancer was found in miners with CWP (SIR = 2.21; 95% CI: 1.75-2.76). Lung cancer risk correlated with the severity of CWP (simple CWP SIR=1.96; 95% CI: 1.48-2.56, progressive massive fibrosis SIR = 4.29; 95% CI: 2.09-7.87). No increased risk of lung cancer was found in ex-miners without CWP. The risk of malignant neoplasm at the other selected sites was comparable with the risk in the general male population of the Czech Republic. Conclusions: This study found increased lung cancer risk in coal miners with CWP, but not in those without CWP, comparing with the general population. These results served as the basis for the inclusion of lung cancer in association with CWP into a new Czech list of occupational diseases.
The aim of the presented study was to verify the results of the former study using a larger sample. The results are based on the comparison of cancer incidence risk in exminers of coal mines in association with and without CWP and the general male population of the Czech Republic.
MATERIALS AND METHODS
The analysis was conducted in two cohorts of black coal ex-miners (below only miners) of Ostrava-Karvina region (OKR). The first cohort (PN0) included the miners without CWP and the second cohort (PN1) included the miners who were compensated for CWP. The miners in the cohort PN0 were selected from the original database of 7772 ex-miners of OKR. The database was created as part of the study that was conducted in the period from 2001 to 2003 [22] . The cohort PN0 consisted of 6705 surviving miners without CWP whose lung cancer -or another selected cancer -was not diagnosed before the start of the follow-up (1992) . The miners were included in the cohort after finishing the work in underground conditions (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) . The cohort PN1 consisted of 2158 ex-miners from OKR who were registered in the National Register of Occupational Diseases because of CWP diagnosis for which they were compensated in the period from 1992 to 2001. The data about the date of birth, smoking habits (nonsmoker, smoker, ex-smoker), the length of exposure in a mine and category of CWP according to the list of occupational diseases valid in the Czech Republic in cohort PN1 was obtained. Personal and occupational data of all miners in both cohorts was merged with the data from the National Population Register (date and diagnosis of death) and the Czech National Cancer Registry (date and diagnosis of disease) for the period from 1992 to 2006. Cancer risk of miners from both cohorts in comparison to the general male population of the Czech Republic was evaluated by SIR (Standardized Incidence Ratio) silica [5] [6] [7] . Based on the evidence, IARC classified crystalline silica as a carcinogen belonging to group I [8] [9] . However, inconsistency of the epidemiologic evidence suggests that the carcinogenicity may be dependent on inherent characteristics of crystalline silica exposure or on external factors affecting its biological activity [8] . Studies on Polish [10] , American [11] and British [12] coal miners did not find increased lung cancer risk. In more recent work, based on the same British data [13] , a positive association between the risk of lung cancer and the exposure to crystalline silica was found. Evidence from studies on German coal miners [14] [15] [16] is inconclusive. CWP in miners exposed to coal dust with high crystalline silica content was found to be associated with increased lung cancer mortality, supporting the risk attributed to the exposure to crystalline silica [16] . Studies of some other authors pointed to the increased risk of cancer of digestive system in miners exposed to dust of coal mines. Harrison et al. [17] found significantly more dyspeptic symptoms, histologically confirmed cases of acute and chronic gastritis and intestinal metaplasias in coal miners, in comparison to the general male population. Dutch authors [18] discovered significantly higher mortality from stomach cancer in miners in comparison to the general population; but mortality from lung cancer and cancer at the other sites was not significantly different from mortality in the general population [18] [19] . Coggon et al. [20] found a positive (but not significant) association with the incidence of stomach cancer in coal miners and the length of exposure. Samanic et al. [21] provided a case-control study on the relationship between the risk of bladder cancer in different occupational groups in Spain. The risk in miners was not significantly higher and no association with the length of exposure was determined either. The Czech study devoted to black coal miners [22] found higher, but not statistically significant lung cancer risk in miners with CWP. The study sample included only 10% of pneumoconiosis cases. Table 1 ). The biggest group included the miners with simple coal workers' pneumoconiosis (sCWP). In the second position, considering the frequency of occurrence, there were the miners who were diagnosed with an occupational disease "in relation to dynamic progression" -initial form of CWP (iCWP). A complicated form of CWP (progressive massive fibrosis -PMF) and CWP in association with active tuberculosis (CWP&TBC) were found only in about 10% of the cohort PN1. A statistically significant relationship between the severity of CWP and the length of exposure (a test for trend, p < 0.001) and the age at the time of reporting (a test for trend, p < 0.001) was found ( Table 1 ). The shortest exposure was identified in the subgroup of miners with CWP&TBC.
Smoking habits
The data on smoking habits was available in 99.8% of the miners in the cohort PN0 and in only 80% of the miners in the cohort PN1. Smoking habits of PN1 were similar to the general population. There was not found a significant difference (χ 2 test, p = 0.921) in the distribution of nonsmokers in both samples of miners (33%) and the general male population of the CR. A higher percentage of smokers (54%) and a lower percentage of ex-smokers (13%) were found in the cohort PN0, and 95% confidence interval based on a Poisson assumption (CI) [23] . Indirect standardization to calculate expected incidence cases from malignant neoplasm at selected sites was used. Observed numbers were compared with these, stratified by 5-year age group and calendar year. The information about the incidence of cancer in men in the Czech Republic was obtained from the data of the National Health Information System. All analyses were performed in statistical software STATA version 10 [24] .
RESULTS
The average age of miners in the cohort PN0 at the onset of the follow-up was 44.1 years; they worked underground for 22.9 years on average. The average age of miners with CWP throughout the time when they were compensated for CWP was 47.8 years, and the average length of exposure during a mining profession was 20.4 years (Table 1). The data on the length of exposure was available only for 74% of the cohort. The numbers of the newly reported cases with compensated CWP per year decreased during the follow-up period from 421 cases in 1992 to 99 cases in 2001. The miners in the cohort PN1 were divided into 4 categories according to the risk of stomach and kidney cancer was found in the cohort PN1 (Table 2) .
Lung cancer
In the cohort PN0, 93 miners with the average age of 57.8 years (SD = 6.9) were diagnosed with lung cancer. In the cohort PN1, lung cancer was diagnosed in 74 miners with the average age of 64.1 years (SD = 9.6). The percentage of smokers among the miners with and without lung cancer was not significantly different in the cohort PN1; however this finding was weakened by the fact that no information was available on the smoking habits in 51% of the miners with lung cancer. The risk of lung cancer in the cohort PN1 was further analyzed according to the severity of CWP (Table 3) and the positive trend in SIR was found (a test for trend in comparison to both the cohort PN1 (44% of smokers) and the general male population of the Czech Republic (41% of smokers). (Table 2) . A higher value of SIR, but not statistically significant, was found only for stomach cancer. About twice as high risk of lung cancer was found in the cohort PN1 (regardless of the severity of CWP) in comparison to the male population of the Czech Republic (Table 2). A slight, but not statistically significant, increased been gradually applied in the mines of the Czech Republic since 1986 and it came fully into force in 1990. Implementation of this preventive measure and also the reduction of mining in the Ostrava coal region resulted in the decrease of CWP cases during the follow-up period.
Standardized Incidence Ratio
In the cohort PN1, apart from the main criterion, the data on the length of exposure was available, but not the individual dust exposure data in the miners. The National Register of Occupational Diseases did not contain this data and a retrospective search was not possible. The severity of CWP in the miners of the cohort PN1 correlated with age and the length of exposure, with the exception of persons with CWP&TBC, in whom the presence of active TBC was the main criterion for the acknowledgement of the occupational disease regardless of the severity of CWP. The lowest age and the shortest length of exposure were found in the miners with iCWP, in whom the occupational disease was acknowledged with regard to a short period of exposure up to the origin of initial radiographic changes in the pulmonary tissue and the assumed high risk of CWP progression in case of a further stay in a mine. In addition to crystalline silica, which is an important risk factor of CWP [1] , coal miners may be exposed also to other carcinogens that could influence the risk of lung cancer, such as radon, polycyclic aromatic hydrocarbons and fungi. These exposures might be ignored on the basis in SIR, < 0.001). The risk of lung cancer in the miners with iCWP was comparable to that of the general male population of the Czech Republic. The risk was significantly higher in other categories, mainly in PMF and in CWP&TBC.
DISCUSSION
This study found increased lung cancer risk in coal miners with CWP, but not without CWP, comparing with the general population.
The main criterion for the classification of miners into the cohorts PN0 or PN1 was the absence or presence of these persons in the National Register of Occupational Diseases because of CWP till the year 2001. The cohort PN0 was nested within the data from the previous study [22] , whose sub-criteria were working underground for at least 8 years or achieved maximum permissible exposure (MPE) [25] , in order to get a group with homogenous exposure. MPE was expressed as a cumulative dose of respirable dust fraction and respirable crystalline silica fraction. The time of reaching 100% of MPE is connected with the probability that at the most 5% of miners are diagnosed with the initial form of pneumoconiosis (the finding of small opacities p, q, r starting with the frequency of 1/1 according to ILO [26] ). The system of preventive replacement of miners from the work in the underground environment after reaching 100% of MPE had We suppose, on the basis of our results, that severe forms of CWP, similarly to silicosis, represent the increased risk of lung cancer in both smokers and non-smokers [6, 7, 16] . During chronic inflammation process, a great number of biologically active substances with genotoxic and proliferation stimulating effect are released, such as oxygen or nitrogen radicals, cyclooxygenases, cytokins, chemokins, and growth factors which can take part in the development of tumorous proliferation [30] [31] [32] . The finding of increased lung cancer risk in the miners with a severe CWP form points to a common mechanism of changes being in progress in the pulmonary tissue of the persons with silicosis and pneumoconiosis, which can in the end lead in some individuals to a tumorous proliferation. Like other authors [13, 18, 20] , we also found increased risk (but not statistically significant) of stomach cancer in the cohorts of miners with CWP and without CWP as well. In the cohort PN0 we found a lower risk of malignant neoplasm at selected sites, with exception of stomach cancer, than in the general male population of the Czech Republic. This finding we attribute to "healthy worker effect," similarly to other authors [11, 13] who found this effect mainly at the beginning of the follow-up of the miners´ cohort. We did not find an increased risk of bladder cancer in the cohort PN1, conversely to the Samanic study [21] . The risk of malignant neoplasm at the other sites was identical to the risk of cancer in the general male population of the Czech Republic, similarly as in the Swaen study [18] .
CONCLUSION
In the cohort of black coal miners with CWP, significantly higher lung cancer risk was found comparing with the general male population of the Czech Republic. Lung cancer risk increased along with the severity of coalworkers' pneumoconiosis.
of information on negligible levels of such exposures from hygiene stations and also the results of the previous epidemiological study [27] .
Smoking is considered the most important carcinogenic factor for the origin of lung cancer. It increases the risk of lung cancer from 3 to 10-fold according to various authors, depending on the number of smoked cigarettes, the total length of smoking, age when taking up smoking and sex [6, 22] . The missing data on smoking habits in 20% of the cohort PN1 was a certain weakness of our study. The percentage of missing data was caused by the incompleteness of the data in the National Register of Occupational Diseases and in the health records from the centers acknowledging occupational disease (CWP). On the other hand, the percentage of non-smokers in both cohorts of miners was not different from the proportion of non-smokers in the general population. The proportion of smokers in the cohort PN0 was higher in comparison to the general Czech male population [28] without having an influence on the risk of lung cancer in this cohort. We suggest that the incompleteness of the data about smoking habits in the cohort PN1 did not influence the results of our study.
The main hypothesis of the study was that CWP is associated with lung cancer risk.
In line with our expectations, we did not confirm increased risk of lung cancer in the miners of the cohort PN0 and in the group of miners with the initial CWP form. The finding that the increased risk of lung cancer was confirmed only in the miners with simple to severe form of CWP suggests that the exposure to black coal dust containing crystalline silica does not increase the risk of lung cancer, however in association with CWP it becomes a significant risk factor of lung cancer. The highest lung cancer risk was found in a sub-group of miners with CWP in association with active tuberculosis. Tuberculosis itself is considered a risk factor of lung cancer [29] and may be, apart from the life style, one of
In the cohort of the miners without CWP, the risk of lung cancer was comparable with the male Czech population data. The risk of malignant neoplasm at the other selected sites (stomach, kidney, bladder and colon) in the miners was comparable with the general male population. The presented study results served as the basis for inclusion of lung cancer in association with CWP into a new Czech list of occupational diseases.
